Objective-To assess the efficacy of moderate aerobic physical activity with sleep hygiene education to improve sleep, mood and quality of life in older adults with chronic insomnia.
Introduction
Chronic sleep disturbance is reported by nearly 50% of the elderly population [1] . Particularly common in this age group is chronic insomnia, characterized by fragmented sleep and early morning awakening [2] [3] [4] . Insomnia in older adults is associ ated with mood and anxiety disorders [5] [6] , falls [7] [8] [9] and cognitive impairment [10] . The significant morbidity associated with insomnia coupled with the potential adverse effects of commonly prescribed sedative medications creates the need to develop non-pharmacological treatment approaches for the management of insomnia in older adults.
The sedentary lifestyle of older adults may contribute to the decline in health that often accompanies aging. The maintenance of high physical function is one of the key factors for successful aging [11] . Staying physically and mentally active can not only delay the development of some chronic illnesses and disabilities, but also improve mental and physical health in older adults [12] [13] [14] [15] [16] [17] .
Recent studies from our group indicate that increased levels of structured social and physical activity have positive effects on sleep and performance in older adults [18] [19] . In addition, participation in a regular exercise program can also have positive effects on sleep quality [16, [20] [21] [22] , mood [16] , and cognitive abilities [20] [21] [22] [23] . A meta-analysis of 12 studies indicates that regular exercise increases total sleep time and, in some studies, slow wave sleep (SWS) [24] . In addition, epidemiological data based on self-reports consistently support the view that acute and chronic exercise promotes sleep [20] . Furthermore data suggest that higher levels of physical activity in older adults is protective against incident and chronic insomnia [25] .
Most studies examining the effects of exercise on sleep have focused on young good sleepers or fit athletes [20, 26] . The limited data available in older adults also indicate an association between physical activity level and sleep quality. For example, older physically fit men had shorter sleep onset latencies, less wake time after sleep onset, higher sleep efficiency and more total slow wave sleep than sedentary older men. [27] There is also evidence that increasing physical activity level can improve sleep quality in older adults [19, 21, [27] [28] [29] [30] . For example, in sedentary older adults, a 16 week program of mild to moderate intense physical activity improved self-rated sleep quality [21] . In another study, exposure to daily physical and social activity for just 2 weeks also had positive effects on sleep quality in older adults [19] . Furthermore, in older adults with depression, progressive weight training significantly improved measures of both subjective sleep quality and depression [16] .
Taken together, these results indicate a potential for exercise as a means to improve sleep quality and comorbid depressive symptoms in older adults with insomnia. However, the efficacy of exercise to improve sleep quality in older adults with chronic insomnia has not been established. Therefore, the aim of this study was to test the hypothesis that a structured physical exercise program can improve self-reported sleep quality, mood, daytime function and quality of life in late middle age and older adults with chronic insomnia.
Methods

Design
This study used a randomized parallel pre-post design. Participants were randomly assigned to either an aerobic physical activity or non-physical activity intervention group and measurements were collected at baseline and post treatment (16 weeks). Data from this study are part of a larger ongoing study on the effects of exercise as a countermeasure for sleep loss in aging. This report presents only the results of self-reported sleep quality, quality of life, and mood at baseline and post intervention. This study was approved by the Northwestern University Institutional Review Board (IRB). All participants provided written informed consent.
Participants
Participants included 23 healthy community dwelling sedentary men and women who were 55 years or older with symptoms of difficulty falling asleep and/or staying asleep, given the opportunity to sleep, accompanied by impairment in daytime functioning for at least 3 months. In addition, participants were required to be: 1) independent in activities of daily living and without significant cognitive deficits as determined by a MMSE score ≥ 26; 2) a sleep efficiency (SE) less than 80% and/or awakening earlier than desired if before 6 AM; and a total sleep time of less than 6.5 hours, as determined by actigraphy and sleep diary for a period of 7 days; 3) sedentary, defined as participation in exercise of mild to moderate intensity for less than 30 minutes per day and less than two times per week on a regular basis. Exclusionary criteria included the following: 1) other sleep disorders by history or documented on screening polysomnography (apnea index > 10, periodic leg movement arousal index > 15, or REM behavior disorder; 2) history of cognitive or other neurological disorders; 3) history of DSM-IV criteria for any major psychiatric disorder, including mania or alcohol or substance abuse; 4) significant depressive symptoms as assessed by the Center for Epidemiological Studies Depression Scale (CES-D score > 22); 5) unstable or serious medical conditions or cardiopulmonary disease that contraindicate exercise; 6) current use or use within the past month of psychoactive, hypnotic, stimulant or analgesic medications; 7) shift work or other types of self imposed irregular sleep schedules; 8) BMI > 35 Kg/m 2 ; 9) history of habitual smoking (3 or more cigarettes per week); or 10) caffeine consumption greater than 300 mg per day.
Participants were recruited via advertisements in community based publications, flyers and presentations by study staff on sleep and aging given at community centers, assisted living facilities and YMCA's.
Five participants withdrew or were excluded following randomization. The reason given for withdrawal by the four in the non-physical activity group was that they wanted to be in the exercise condition and the one participant from the activity group was withdrawn due to non-compliance.
Procedure
All eligible participants were screened for other sleep disorders (sleep apnea, PLMS) with overnight polysomnography, depression (CES-D), cognitive function (MMSE), sleep quality (PSQI) and 7 days of activity monitoring using wrist actigraphy and a sleep log. Participants were randomized to aerobic physical activity plus sleep hygiene education or a non-physical activity and sleep hygiene education. At baseline and at the end of the 16-week intervention period, participants were admitted to the Clinical Research Unit (CRU) for a four day baseline admission which involved, questionnaires, nocturnal polysomnography, physiological/hormonal measures, and neuropsychological testing. Cardiopulmonary function testing was conducted during the same visits at the Rehabilitation Institute of Chicago. Baseline exercise testing was performed on all participants to determine exercise capacity and to tailor the exercise intervention to each participant assigned to the physical activity intervention. A symptom-limited maximal ergometer test with a 10 to 40 watt/ minute-step protocol was used to measure VO 2 max for each subject. The exercise intervention was designed for each participant to reach their anaerobic threshold between 5 and 15 minutes. Anaerobic threshold was determined by measurements of oxygen consumption and end tidal CO 2 . Continuous EKG recording during cardiopulmonary testing was used to determine maximum heart rate during exercise. Findings for V0 2 max and maximum heart rate were corroborated by physician review.
Interventions
Sleep hygiene education-All participants received sleep hygiene education which consisted of an appointment with a board certified sleep specialist who provided verbal and written sleep hygiene instructions and counseling according to materials published by the American Academy of Sleep Medicine (including "Behaviors that help promote sound sleep" and "Sleep as we grow older -learning how aging affects sleep"). Patients were given a sleep hygiene checklist and were encouraged by research staff to continue practicing sleep hygiene instructions during bi-weekly visits for the entire duration of the study. After completion of the conditioning period, participants exercised for either two 20 minute sessions or one 30 -40 minute session at 75% of their maximum HR, 4 times per week for the duration of the study. Exercise sessions were conducted in the afternoon or evening (1-7PM). The exercise program included at least two of three aerobic activities (walking, stationary bicycle, or treadmill) with a similar level of exertion for each activity, as measured by the BORG scale of Perceived Exertion and heart rate monitor.
Aerobic physical activity (exercise)-The
Non-physical activity-Participants in this condition selected recreational or education activities (e.g., parks and recreation, YMCA, museum lectures, church activities) which met for approximately 45 minutes, 3 to 5 times per week, for 16 weeks. Participants were provided with a list of suggested activities to assist with meeting the requirements for the intervention. For example, a participant could attend a cooking class at the YMCA, a lecture at the museum, and a bible study group.
Compliance was defined as a minimum of 3 exercise or non physical activity sessions per week and was monitored using daily exercise and activity (non-physical activity) logs in which information on the type of physical or non-physical activity, duration, time of day, and location of the activity was recorded. In addition, compliance was verified by the research staff during the bi-weekly meetings with the participants.
Measures
Questionnaires were administered at baseline and post-treatment (16 weeks). Sleep quality was measured by The Pittsburgh Sleep Quality Index (PSQI). This 19-item measure assessed sleep quality and disturbances over a 1-month time interval; from these items 7 sub-scores are calculated including sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, sleep medication use, and daytime dysfunction [31] . Daytime sleepiness was measured by The Epworth Sleepiness Scale (ESS). This 8-item measure assesses the likelihood the individual will fall asleep during different situations (e.g., passenger in a car, sitting quietly after lunch). [32] Health related quality of life was measured by the SF-36. [33] [34] Depressive symptoms were measured by the CES-D [35] . This 19-item measure assesses depressive symptoms over the past 2 week period. Wrist activity monitoring was conducted for 1 week of screening and 1 week at baseline using the Actiwatch system (Minimittter, Respironics). Sleep parameters calculated by the software analysis program (Actiware v 3.4) included the following: total sleep time, sleep efficiency, sleep latency, wake after sleep onset and fragmentation index.
Analysis
Data were analyzed using SPSS version 16.0 (SPSS Inc., Chicago, IL). Data were analyzed using descriptive statistics, t-tests for independent means, repeated measures ANOVA, and regression. Statistical significance was defined as p<.05 using two tailed tests. Data were analyzed for 17 of 18 participants that completed the study. Data from one participant was removed due to an acute stressful event (de ath in the family) at the end of the study.
Results
Participants
Participant characteristics are described in Table 1 . Rest/activity recorded from actigraphy (average of 7 days) and sleep parameters from PSG (night 2) are presented in Table 2 . There were no significant differences in any of the sleep parameters between the two groups.
Compliance
Physical activity compliance-On average participants exercised 3.27 (±0.52) times a week for an average of 32.3(±12.5) minutes each session. Exercise was mostly completed in a gym or recreation center (76.7%) or at home or work (17.6%); the remainder was outdoors or in public locations (4.3%) or unspecified (1.4%). The majority of exercise sessions included walking or jogging (70.6%) and the remainder included a variety of exercises including, for example, elliptical, Stairmaster, bicycle, swimming, or exercise video.
Structured non-physical activity compliance-On average participants completed 4.2 (±0.73) sessions a week for an average of 139 (±64.4) minutes each session. Participants chose a variety of social, religious, intellectual and cultural activities, including lectures at museums and libraries (31.5%), cultural pursuits at museums and concerts (20.9%), participation in community boards and meetings (15.3%), organized social events such as bingo nights (15.3%), and religious activities (14.7%). Two participants participated in activities with some degree of physical activity during the first week of the study (e.g., ballroom dancing), and these participants were asked to change to another activity for the remainder of the study.
Sleep Quality
Sleep quality was determined using the PSQI. There was a significant effect for time (F (1,15)= 9.96, p=.007), as well as a time by group interaction for global PSQI scores (F (1,15)= 20.49, p<. 001; Figure 1a) . The time by condition interaction plus the error for this effect accounted for 57.7% of the variance on change in PSQI scores (partial η 2 = .577). In follow-up pre-post comparisons for each group, participants in the exercise group demonstrated significant improvement in global PSQI scores (t(15)= -5.62, p< 0.0001) while participants in the non-physical activity group did not demonstrate improvement. Descriptive statistics, significance values, and effect sizes for the PSQI sub-scores are listed in Table 3 . Among the sub-scores, there was a significant effect for time on subjective sleep quality (F(1,15) 
Depressive Symptoms
Depressive symptoms were assessed using the CES-D. For the CES-D, there was not a significant time or time by condition effect (Figure 1b) . However, pre-post comparisons for each group demonstrated significant improvements in CES-D scores for the exercise group (t (9)= 2.34, p=.04) but not for the non-physical activity group.
Quality of life
The SF-36 was used to assess quality of life. The physical activity intervention was associated with improvements or trends toward improvement among several domains of quality of life (see Table 3 ). There was an effect for time on vitality (F(1,15) , 7.207, p= .02) and a trend toward improvement over time in physical function (F (1,15)= 4.309, p=.056 ). There was a significant time by condition effect for vitality (F (1,15)= 7.207, p= .017) and a trend for time by condition effects in role emotional (F (1,15)= 4.214, p= .058) and mental health (F (1,15) 3.44, p = .08). There were no significant time or time by condition effects for role physical, general health, or social functioning.
Daytime Sleepiness
Daytime sleepiness was evaluated using the ESS. For ESS there was a trend of an effect for time (F (1, 15)= 3.18, p= .09), but there was not a time by condition interaction (F (1, 15)= 2.8, p= .12). In follow-up pre-post comparisons for each group, there was a significant reduction in the ESS score for the exercise group (t(9)= -2.75, p=0.02) but not in the nonphysical activity group (Figure 1c ).
Fitness Level
There was a trend toward an effect for time on maximum heart rate (F (1,15)= 3.51, p= .08) but no time by condition effect. There were no effects of time or time by condition on V02max or maximum heart rate. Pre-post comparisons for each group demonstrated a trend toward improvements in V02max for the exercise group (t(9) -1.93, p= .08) but not for the non-physical activity group. Neither group demonstrated significant pre-post changes in maximum heart rate.
Relationship between improvements in sleep, sleepiness, mood and fitness
Reductions in global PSQI scores were not associated with greater improvements in maximum heart rate or VO 2 max. However, when the physical activity group was analyzed alone, there was a trend for a correlation between change in maximum HR and PSQI scores (r=0.671, p=0.058). A reduction in global PSQI scores was also associated with a greater reduction in depressive symptoms on the CES-D (r=0.487, p=0.048). The change in global PSQI was not related to change in daytime sleepiness measured by the ESS.
In exploratory analyses, we constructed a mediational model to test if exercise was associated with a change in PSQI scores above and beyond the change in depressive symptoms. After controlling for depression, there continued to be a significant relationship between physical activity group and change in PSQI scores (B= 5.003, p=0.002).
Discussion
Results from this study indicate that a sixteen week program of moderate intensity aerobic physical activity plus sleep hygiene education is effective in improving self reported sleep quality, mood and quality of life in older adults with chronic insomnia. These results highlight the potential of structured physical activity programs to improve the effectiveness of standard behavioral approaches for the treatment of insomnia, particularly in a sedentary older adult population.
The effect size for the improvements in sleep duration and subjective sleep quality in this study were similar or even greater than that reported for cognitive behavioral intervention and other physical activity studies [18, 30, [36] [37] [38] . Improvements were seen in global PSQI score and sleep duration, with most of the exercise group having a score of 5 or below following treatment, indicating good overall sleep quality. Compared to a 25 week Tai Chi study that reported a significant decrease in PSQI score of 1.8 points [39] , the current study achieved an average 4.8 point reduction in PSQI score. In a previous study, our group, reported a 1.1 drop in PSQI score for morning and a 1.5 drop for evening structured activity following two weeks of intervention [18] . The larger effect seen in our study may be due to differences in the duration and intensity of the physical activity level and the characteristics of the participants.
The increase in self reported sleep duration by 1.25 hours in the exercise plus sleep hygiene education group is higher than what has been reported for other non-pharmacological interventions for insomnia [30, 40] This large increase in sleep duration may be in part due to the inclusion criteria of having a habitual sleep duration of less than 6.5 hours a night, which was verified with wrist actigraphy and sleep log. In addition, the elevated baseline WASO as measured by actigraphy and PSG indicate that this group of patients had sleep maintenance insomnia type. Thus, improved sleep continuity may also have contributed to the self reported increase in sleep duration.
There was also a significant reduction in the sleep latency sub-score of the PSQI but not in sleep latency measured as a continuous variable. This apparent difference could be because the PSQI sleep latency sub-score reflects both sleep latency and the frequency of being unable to fall asleep within 30 minutes [31] . Therefore, while there may not have been a reduction in the actual time to fall asleep, there was likely a decrease in the number of times per week in which the participants experienced the problem.
It has been suggested that physical activity may improve sleep via improvements in depressive symptoms in those with depression [41] . Consistent with this hypothesis, in our study, there was a significant association between improvements in depressive symptoms and improvements in subjective sleep quality in the whole group. However, the improvements in subjective sleep quality (PSQI score) associated with exercise remained after adjusting for depressive symptoms (CES-D score), indicating that the positive effect of exercise on sleep quality is also independent of depressive symptoms.
At baseline, SF-36 scores in this study were similar to those previously reported for people with mild-severe insomnia [42] [43] [44] . One of the largest improvements following exercise intervention was observed in vitality, a high vitality score means that in the past 4 weeks the person feels full of "pep" and energy all the time [33] . For the exercise group the vitality measure from the SF-36 improved substantially by 25.5 points following intervention compared to a 0.12 reduction for the non-physical activity group. In comparison with pharmacological therapies, in a study of the hypnotic eszopiclone over a 1-6 month period there was a 15 point increase in vitality [45] . Furthermore, the degree of change in vitality in the current study was greater than the differences seen between people with insomnia and controls (16 points) or patients with depression and controls (13 points) [44] .
There was a positive relationship between improvements in sleep quality and improvements in fitness level as determined by maximum heart rate in the exercise group, although this was only a trend (p=0.058). However, a similar correlation between sleep quality and V0 2 max was not seen. This may in part be due to the limited ability of older adults to readily augment O 2 uptake in response to exercise [46] [47] . These results suggest that the effect of exercise on sleep quality, mood and sleepiness may be mediated via mechanism other than only cardiopulmonary fitness.
There are several potential limitations in this study, including the reliance on self-reported sleep quality measures, the relatively small number of participants and the female preponderance of the sample. The baseline PSG parameters demonstrate relatively short sleep latencies and preserved slow wave sleep which may be in part due to the female preponderance of the sample and/ or the paradoxical effect of sleeping in the laboratory in patients with psychophysiological insomnia. Although the gender imbalance may affect the generalizability of the study, our findings remain relevant to patients with insomnia because insomnia is more prevalent among women than men [48] . Another limitation was the higher dropout rate in the non-physical activity group. This may have been due in part to the desire of some participants to be randomized to the exercise condition. The internal validity of the study may be affected if those with low expectations for the non-physical activity intervention selectively dropped out after randomization.
However, these results are of clinical importance because self-reported measures of overall sleep quality, sleep latency, sleep duration, alertness and quality of life are the most widely used measure of insomnia treatment effectiveness in clinical practice. Therefore, the demonstration of the feasibility and ability of a program of exercise and sleep hygiene education to improve sleep quality in older adults with insomnia, together with the other known positive effects of physical activity on cardiopulmonary, metabolic and cognitive health, underscores the importance of incorporating structured physical activity in any comprehensive program for the management of insomnia in older adults. Mean and standard deviation for subjective sleep quality (PSQI), depressive symptom (CES-D) and daytime sleepiness (ESS) for the exercise and Non-Physical Activity groups. Post hoc analysis indicates * p<0.0001, # p=0.044, + p=0.02 Mean (M) and standard deviation (SD) for subjective sleep quality and quality of life variables Sleep Med. Author manuscript; available in PMC 2011 October 1.
